
UNCLASSIFIED

AD NUMBER

AD001008

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
No foreign distribution.

AUTHORITY

ONR ltr., 26 Oct 1977

THIS PAGE IS UNCLASSIFIED



Reproduced by

1ý nme uO 0 livice's Technical Information Agency
DOCUMIENT SE-RVICE CENTER.

KNOTT. BUILDING, DAYTON, 2, OHIO

O_

i nq(Lksl lr ~



/ Ll

U. S. NAVAL AIR STATION
PENSACOLA, FLORIDA

RESEARCH REPORT

SPREAD OF EVOKED CORTICAL POTENTIALS
EMORY UNIVERSITY SCHOOL OF MEDICINE

AND

U. S. NAVAL SCHOOL OF AVIATION MEDICINE

JOINT RESEARCH REPORT NO. NM 001 066.01.02

NaVY-PPO CNATRA, Pensacola. Fla.



U. S. NAVAL SCHOOL OF AVIATION MEDICINE
NAVAL AIR STATION
PENSACOLA, FLORIDA

JOINT PROJECT REPORT

Emory University under Contract Ngonr-87800
Office of Naval Research, Project Designation No. NR140-916

U. S. Naval School of Aviation Medicine
and

The Bureau of Medicine and Surgery
No. NM 001 066.01.02

SPREAD OF EVOKED CORTICAL POTENTIALS

Report bz

Walter A. Mickle, M.D.
and

Harlow W. Ades, Ph.D.

Approved by

Professor Larlow A. Ades, Chairman
Department of Anatomy, School of Medicine

Emory University
and

Captain Ashton Graybiel, MC, USN
Director of Research

U. S. Naval School of Aviation Medicine

Released b_

Captain James L. Holland, MC, USN
Commanding Officer

14 October 1952

Opinions or conclusions contained in this report are those of the authors.
They are not to be construed as necessarily reflecting the views or endorse-.
ment of the Navy Department. Reference may be made to this report in the
same way as to published articles, noting authors, title, source, date,
project and report numbers.



SUMMARY AND CONCISIONS

Measurxments of the latency and sign of the action potentials in the
auditory cortex which are evoked by click stimtlation have demonstrated a
regularity of pattern of events. For a period of about 6 maec., no evoked
activity Tas detected. At about this time, however, an island of positive
potential appeared in the anterior suprasylvian gyrus and, at subsequent
usec. intervals, wider areas showed this potential change. At about 9 msec.
after stimulation, most of the ectosylvian gyri developed a negative poten-
tial. This was interrupted one or two msec. later by the change toward
positivity in one or more spots near the middle of the auditory area. In
subsequent mnec., wider areas showed similar change, producing an expanding
pattern of positive potential which died away at the borders of the auditory
area. Bipolar recording demonstrated similar expanding patterns. The ex-
panding wave traveled distances of up to 10 mm. radially from the site of
origin at rates of up to 1.5 meters/second.

Extirpation of the focus or shallow cuts in the cortex tangential to the
advancing wave front interrupted the positive component, but did not affect
the negative potential in the middle ectosylvian gyri.

Measurement of peak latencies have demonstrated a similar cortical spread
of the positive component.

The su~gestion has been made that the negative component in the ecto-
svivian gyri has origin from diffusely projecting subcorticajl auditory cen-
ters and that the positive component represents transcortica3. propagation.

nzrwODUCTION

Studies of evoked cortical action potentials of various corticopetal
systems have included statements of the location, wave shape, saplitude aud,
less frequently, latency of these potentials. The location has usually
occupied the greatest amount of attention, while the other factors have
often been included as accessory description. Latency, especially has fre-
quently been disregarded or has been given only in terms of the maximum and
mininin values.

The appearance of action potentials in different cortical locations
after stimilation of a single system has been variously interpreted. It
has been the basis for segmentation of the auditory cortex into primary and
secondary areas, (I, 9, 10, 11) and elaborate explanations for the differ-
ences in action potentials in these two areas has been made by Bremer and
Bonnet (3). In this case, as with others, the assumption has been made that
there are two anatomically but functionally related areas. Similar descrip-
tions of second or secondary cortical areas of other modalities of sense are
to be found in the literature.

It is, however, implicit in much of the interpretation of the records of
clinical and experimental electroencephalography that both evoked end "spon-
taneous" action potentials move along the surface of the cerebral cortex.

e'•-ail chtudico Cf zuch--,•-ý, arn aatvt not ab dant• . but those of B~aziec (2)



on sleep foci appear to corroborate the impression that wave travel does
OC cur.

More concise descriptions of this activity have been presented by Lil2Ly
(5, 6, 7). in his work, action potentials taken frci a grid of 25 points on
the cortex were demonstrated on a similar grid of gaseous glow lamps, here
the amplitude of the input signal influenced t2he brightness of the glow.
This apparatus has been used to investigate the movement of activity across
various fields of the cerebral cortex of animals . The nature of the. indi-
cating device has rendered interpretation difficult, since equipotential
maps must be constructed from information supplied in: the brightnesi of the
lamps. There is no doubt, however, that wave forms appear to spread across
the cortical surface.

These suggestions of the continuity of action potentials in the cerebral
cortex cast doubt upon the validity of segmentation of functionally related
areas and particularly those -6tich are contiguous.

Because of this confusion, an attempt has been made to effect an organi-
zation of the various elements of the action potentials over a wide area of
activated cortex.

In thLs study, the auditory cortex of the cat has been selected as the
subject for examination. It was chosen because of its ready accessibility,
the simplicity of delivering brief physiological stimuli and because of the
controversial findings which have been reported on this system.

EXPERIMMAL

Uleven normal, healthy, adult cats were used. The animals were prepared
by exposure of one or both lateral surfaces of the cerebral cortex under
anesthesia with sodium pentobarbital.

The animals were stimulated with binaural clicks produced by activation
of earphones with 100 microsecond rectangular pulses. The sound level was
several times that necessary for maximu response. The stimnli were repeated
at I second intervals.

Action potentials were collected from the pial surface with the tip of a
small silver wire which acted as a monopolar electrode. A second electrode
was clipped to the neck muscles or bone of the skull. A differential ampli-
fier with a time constant of 2 seconds was used and photographic records were
made from the cathode-ray oscillograph.

Since this series of experiments was designed to demonstrate the 2pread
of cortical action potentials with single channel equipment, it was neces-
sary to make a sequential examination of a grid of points over the entire
acoustic cortex. Arrangement was made for the movement of the exploring
electrode w-ith a rack and pinion mechanism to allow considerable accuracy of
placement. The points examined were 1-2 m. apart, the exact distance being
governed by interposition of blood vessels and sulci. The position of each
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point wps .aked on an apprc*iate cortical map. -rom 3 to 7 oscillographic
records Were made from each point. It was found possible to complete a grid
composed of 100 jo 150 points in less than oce hour.

Anesthetic levels were maintained as constant as possible over this
period by monitoring the electrocorticogram continuou•1y on both a cathode-
ray oscillograph and an output meter. The monitored activity was taken
from some point near but not within the boundaries of the auditory area.
Additional pentobarbital was administered occasionally to maintain a rela-
tively constant amount of spontaneous activity.

The animals were tested in a sound-deadened shielded room where the
temperature was maintained at over 300C, and the relative humidity about
90%. The exposed pia was moistened frequently with warm physiological saline.
Grids were taken in various patterns in an attempt to control effects of
changes in excitability which might occur over the period of pial exposure.

REUI=S

Fxamination of action potentials fr.m the grid of points showed that the
responses were often complex, including monophasic, diphasic or triphasic
waves with various temporal sequences.

Within the confines of the most active areas, the responses were pre
dainantly positive in sign, but even here they frequently shoved a negative
component. Examination of the more peripheral areas showed the positive
component to be of lesser amplitude and that the negative was more easily
apparent.

Measurement of the earliest break from the baseline demonstrated that
there were two fields of activity. One of th-e included most of the anteri-
or, middle, and posterior ectosylvian gyri in which the latency was about
9 msec. an,_ was initially negative in sign. A second area, in the anterior
suprasylvian gyrus and sometimes in the anterior ectosylvian gyrus, showed
an initial positive deflection with a Latency of 6 or 7 msec.

The pattern of the response in the ectosylvian gyri seemed to maintain
a fairly constant pattern in the deeply anesthetized animals, when a loud
click was used. The sequence of events following stimulation appeared in
most cases to follow the pattern of silent (latent) period, negative deflec-
tion, followed at variable periods by a positive wave, and occasionally a
very !a:e, slow negative w'ave.

F'urther clarification of the apparently meaningless pattern of potentials
was obtained by recording from a series of points taken at 1.5 =m. increments
from the area of maxizmu positive response toward "te periphery of the audi-
tory area. Such a series is shown in Fig. 1. In this figure the stimulus
artefacts are equilibrated in time. The top oscillogram was obtained from
the center of greatest activity, about the superior end of the posterior
ectosylvi-an sulcus and each successive tracing 1.5 =n. further inferior. In
this figure it ,ill be ncted that each of the tracings, except for the top,
shcws an initial negative Kef1e"tio5 at 9 msec. A second nn~ttve-rnira
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4.

change in potential is 2een to occur at quccessively later intervals in the
recori4s from the more inferior position;. Indeed, in the case of the two
mos;t inferior points, the positive phase of activity might not be recognized
unless its relationship to other stronger waves was noted. Arranged in the
fashion shown in Lj. 1, however, there is an evident break which increases
in latency as distance from the original center increases. When series were
taken in other radii from the center of greatest activity, similar increases
in latency were seen in the positive-going waves.

It may be argued that the measurement of the onset of the positive wave
in Fig. _ if actually a measure of the peak of a negative wave in some cases.
The cogency of such an argument is diminished by the fact that the positive
peaks also show a similar increase in latency in more peripheral records
and by the statistical study of large numbers of such peak latencies (vide
infra).

Except for an area in the anterior ectosylvian and suprasylvian gyri, the
first consistent deflection was negative and appeared to occur in all posi-
tions in the middle and posterior ectosylvian gyri almost simultaneously.
This was folloved by the later development of a positive potential which
interrurpted the negative wave vith progressively greater latencies as the
periphery of the responding area was reached (F. 2).

Such a sequence of events was noted in the traditiorial auditory area only
in animals under deep anesthesia and with sounds Which were much louder than
that necessary to proeduce a m positive potential. Under lighter anes-
thesia, or with less stimulus strength, the negative ccpnment was decreased
or absent.

In the analysis of spread of cortical evoked potentials, measurements
were mde of the latencies of onset of the initial negative deflection, the
first break toward positive and the peak of the positive wave. In the focus
located in the anterior suprrasylvian or ectosylvian gyrus, no initial nega-
tive wave appeared and the latencies of onset and peak of the positive po-
tentials were measured.

Similar readings were made of each of several oscillograms taken at a
single point. The readings were averaged to the nearest msec. and the
average entered in the alcropriate place on a map of the cortex of the ani-
mal. Separate maps were made for negative and positive potentials taid for
positive peaks. The considerable variability encountered in the peak la-
tencies necessitated the treatment of these data in another iray.

Maps made of the latencies of negative ieflectionn have shown that there
is a nearly simultaneous response over most of the ectosylvian area. This
has been found to occur at 8 or 9 msec. after the stizilus. Some variation
vas encountered in individual animals;but, in general, the entire auditory
area appeared to become negative in relation to an "indifferent" electrode
at nearly the same time.

No such simultaneous activity was recorded, either in onset or peaks of
the positive waves. The earliest occurrence of positive waves was in an



anterior area, situated largely on the anterior suprasylvian gyrue with some
extension on the anterior ectosylvian gyrus. These responses were seen as
early as 5 msec. in one animal, but were most frequently seen at 6 or 7 msec.
This corresponds geographically to the area described by Mickle and Ades (8)
as a polysensory area in which auditory, vestibular and somesthetic systems
have been found to project.

Positive responses were not seen in the "primaryll auditory area until
sometime later, usually beginning about the superior end of the posterior
ectosylvian sulcus at about 9 to 11 msec. after stimu.l.ation.

After entering the latencies of the positive and negative components in
their appropriate places on separate cortical maps, it was found possible to
construct lines which would include areas of equal latency, the lines being
termed "isochrons". These are made somewhat more clear by the separation
of such maps into figures showing the extent of positive and negative
latencies at successive msec. intervals. These are shown in fl., jt..

Theso figares show only the boundary of the wave front at each Msen. and do
not indicate amplitude or duration of the wave. In these drawings, it will
be seen that the earliest measurable activity occurred as a positive poten-
tial in the anterior area, which appeared at about 6 msec. During ensuing
msec. the border was found to be somewhat extended. By 7 to 9 msec. a nega-
tive potential 'was found to appear over mcst of the ectosylvian gyri. This
occasionally appeared as a spotty negative wave which filled in the entire
area within I msec. About 1-2 msec. after this occwrence, one or zore
points were seen to change to a positive-going wave. In subsequent msec.,
broader areas showed such positive trends, suggesting an irregular spread
from the center toward the periphery of the auditory areas. The amplitude
of the positive wave was found to be greatest at the site of origin with
decremental loss cf amplitude as the periphery was approached. In two ani-
mals, positive waves were seen to begin later than 15 msec., and in some
cases, the decrement at the periphery was to zero, with the negative never
being followed by an excursion above the baseline.

The meeting of wave fronts from sources in the middle ectosylvian gyrus
and the anterior suprasylvian gyrus often resulted in complex forms in the
anterior ectosylvian region which were the result of combinations of waves
-vith various phase and amplitude relationships.

The results of repeated recording from one animal are shown in 'Rigs. 13
and 14. in this experiment, records were made from a grid of points oler
the resp, onding cortex, and as soon as this grid Vas complete, the points
were repeated, placing the electrode in an nearly the same points as possible,
in the same sequence. About 45 minutes elapsed between recording from the
first point of each of the two runs. The figures show that there were several
differences in the pattern of potential ; o.read. . K..vc,-r eless, the general
pattern and sequence of events in the two runs were similar. The failure to
repeat the exact pattern ma, be the result of difficulties in the method al-
ready mentioned, or of fortuitous variation due to minor and unpredictable
factors.



Results of bipolar recording
Since the problem of electrotonic spread may play a part in the recording

cf potentials at some distance fim their source, if temporal measurements
are discounted, bipolar recordings were made on two snimals (A2-23 and A2-25)
In each case, monopolar recordings were made immediately prior to the bipolar
(Figs. 15-16 and 17-18). The bipolar electrodes used in A2-23 were a pair
o=TiLv-er-wTres, ro-unde at the tips. separated by I mm. The orientation of
these tips was always in an antero-po.terior direction. Animal A2-25 (Fig.
18) was examined with a concentric electrode, the outer sheath of which was
a 20-gauge hypodermic needle. The electrodes in each case were moved in 1.5
or 2.0 mm. steps over the activated cortex.

Since no common reference of potential is used in bipolar recording, sign
variations are not easily interpreted. In addition, potential changes which
occur in phtae and of the same amplitude result in null readings through the
differential amplifier system. Thue, the simultaneous negative potential
over the entire auditory cortex would not be reflected in the cathode-ray
trace.

Records of potential spread of A2-25 (F.a 18) demonstrate clearly the
existence of two major foci of activity and their spread. The pattern of
activity cmpares favorably with that obtained by monopolar recording (Fig.
Ei), The pattern of spread obtained with non-concentric electrodes in A2-23
D. 16) is not readily ccqparable with monopolar recording from the same
ani•ma-(4._). Several factors maybe responsible for these differences.
The anesthetio level of this animal was considerably lighter than that used
in most animals and was lighter than the same animal when the monopolar re-
cords were taken. In addition, the orientation of the two electrodes with
reference to the face of the oncoming cortical wave would be expected to
influence the pattern obtained, ne., the arrival of a potential wave at
both electrodes simultaneously might result in complete failure to record
any activity because of the differential action of the amplifiers.

In both arlmals, potentials recorded by the use of bipolar electrodes
were not significantly smaller than those of monopolar recording, suggesting
that electrotcnic conduction was not responsible.

Peak latency measurement
The apparent movement of electrical potentials previously described have

all been based on the latency of the earliest change in potential sign. If,
however, the activity described actually represents a difference in latency
of firing of the major number of neurons and therefore of the 7ave peak,
these also should show latency change pattern similar to that of the initia-
tion of the positive-going ,;ave. Such a change is demonstratcd inZ .. 1.

It has been an observation of most of those -who have investigated cere-
bral cortical action potentials that peak latencies are unreliable except
when large numbers of observations have been averaged. Since the number of
observationz of a single spot in any one animal were insufficient in these
experiments to produce a good average value of peaK latency, the data have
been treated in a somewhat different fashion. Measurements of the latency of
peaks of positive waves have been grouped according to latency of onset of
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such waves, and these peas latencies have been averaged. For exale, the
peak latencies for waves which had an onset at 6 mtec , were grouped and
averaged, regardless of the position of these points on t,ie cortical map.
The peak latencies for each of the other onset latenci.es vere grouped and
averaged in the same fashion. This t:'eatment of the data made it possible
to secure a sufficient ntber of peak values to make averages "-lid. The
ccpilation of these data are presented =n Table 1. In the table, simple
averages of the peak latencies of waves vith onset latencies of 6 to 17 msec.
are obtained for each animal. Weighted averages of peak vaýlues were then
calculated for the same onset value for all animals. These weighted averages
are shown and in graphic form in . L. It will be noted that, not only is
there an increase in latency of wave peaks -with increasing latency in onset,
but that the peaks actually appear later on a logaritýhic scale. Stated in
another wav, the later a positIve potential begins to appear on the cortical
surface, the longer it takes to reach maxiru amplitade. Te significance of
such a finding is not imediately clear. it is sufficient for the purposes
off this analysis, however, to state that the onset of these waves represents
a criterion which appears to be valid, as borne cut by denonitraticn of simi-
ta peak latency changes.

E MRtion of icenter of sitive wave
Results of the ex~ination of cortical spread imediately folding ex-

tizrtion of the focus of origin of positive activity are available on only
two ati.als Since determnnation of the position o: this center depends

largely upon latency m easvr nts which ±ust be obtained f photocVahic
records (vhich were not imediately available), it was difficult to deter-
mine the extent of cortex to be removed at the time of experiment.

The results of the removal of the MIG focus are shown in A2.16 (Figs.
7-e) and A2-i8 (Fiss. 11-12). The a-pread of the positive wave is ='c--re-

-'ed in bcth,-kh tSeh---imitial negativity is still seen over the entire
area. Remova of the anterior focu, of positive activIty ii seen in A,2-17
(Figs. 9-10) to have little influence upon th( extent of negative reaction
or s-ref-•f positive activity in the ectosylvian region,

haflov (I =.) knife cuts through the cortex tangential to the expected
line of advancement of the wave interrupted the progression of the positive
ccpcnent (nij. 20), but did not prevent the development of the negative
wave. Deeper cuts which extended to the level of the white matter did not
change the character or latency of the negative wave.

DISCUSSION

The data presented demcnstrate considerable differences in pattern of
spread of evoked cortical potentials. These variations are not altogether
unexpected. Individual differences in aninals n, t be cited to account for
sone of' These, b-ut other factors art unqucstionably active. There is no
doubt that anatomical lan=arks and the boundaries of functional subdivisions
of the cerebral cortex have only casual correspondence. This fact, ccuoled
with the impossibility of placing electrodes in anatomical hotclogues in
various animals results in great discrepancies in the comparnion of pytterns
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betw,.eeii an"Im~s~s. In adli'tion, rernordin~g from a, grid of 1-121 mm. steps pro-
bably represents only the grossest of' exam.inations. Other factors w±hic
exert i=r.ýown degrees of' influence upon the pattern are those associated writh
exposure of the pia~l sxurface., Trat~a vtich is inevitable In opeing the
calvaria, the effects of cooling and dryinS,, variations in anesthetic level
are but a few of the insulJts over which only mea~gre, co~ntrol can, be exerted.

Nieverth~eless, in spite off the obvious diffficulties associated with this
ty-pe of' investigation., and the variation in patterns obtained, certain fes,-
tures occur with sufficient regularity towar-rant attention: ('I) There are
dif".erences in latencies of response, nd thece do not occur in aindom geo-
graphic faithion. The fact that reJla-ývely simple isochronic lines may be
d~rawn -to divide regions having latency differences of 1 msec., is su.rficient
evidence off this statement; (2) There is a separation of' two princip)al types
of' activity, as indicatea by observation of both latency and sign; (5) There
,appear to be at least two foci of' activity which axe reccgnized by change of
potential toward positivity, one centered in t~he middle ectosylvian area, the
other, in the anterior suprasylvian Kyrus; (4) There appears to b~e an irregu-
larly radi.al spread of this activity from each f'ocus.

The course of' cortical events followIng click stinutation appear~s to
follow an organized pattern. For a period of' a~bout 6 nsec. l'olloving stizu-
latlorý itll parts of "he ctctex are free of evoked potentials# At 'the end of
this tiLie, a positive potential appears in a smtall area o. the anterior
,suprasylv~ia gyz-us and spreads somewhat during the next re,.; mzec * The dir-
ectior~ of thic spreadL is chiefly posteriorly and. anterior!:-. At about 9
m.seco, the ýectosylvian area,. previously silent, b~e-ins to sho-, a ne- tive
potential- over its entire su~f'ace, Thir, is f'ollow;e' :i one or tv~o msec. b;,
one or more irre~ulax iclancls of positive-,Coing jpoteritialr! r.3 -he center of
the ectocylvian C-yri. !;Ien exazalned at I2. mec4 intervals I1~erenfCt~ IPosi-
tive ,mves are noted in increasingl~y lar,,,er areas about tVhe original island
or epicenter of' the disturbance. The spread invades the axre& o"' negativity
with decremental an~litude and increasing latency until it is lost at the
periphery, occasional~ly learing an uninterrupted ne-ative wave at the ex-
treme edg~es.

linopolar recording from the cerebral cortex unquestionably causes
artificial extension of borders in any mappirg procedure. The use of bipolar
electrodeas separated b7 very small distances, and the use of' differential
anmilification greatly reduces the ampl.itude of the record of' potentials
vtich axe a result of' electrotonic spread. Caution must still be exercised,
however, since even with this týTe of' recordIng the borders defined are?
to &one extent, a measure of the sensitivity of the recordir& instrument.

"'he use o4' concentric binolar electrodes has shown patterns of, spread of
evoked potentials similar to those of' monopolar recording. It is evident,
from these records that the spread ýof' activity is caused by progresrive
cortical firing rather than the electrotonic spread o-:- localized act'ivity.
This woauld inceica~te the presence of' a ne-ural syst-em .-hich allows the entire
auditory cortex to be activated frcm a click. Wdhile the click is by no
means a pure sound, neither is it, composed of a spectrtx-a cf' all audible f-Le-.
cauenciea. The vide distriibution off action potentials followin~g such a~ round
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suggests that the usual cortickal handling of sounds requires or utilizes the
entire auditory cortex.

The results of extirpation of various cortical areas should suggest
hypotheses on the nature of this spread. It has been pointed out that it is
difficult to produce appropriate lesions without having results of normal
runs at hand. In addition, the 6pacing of grid points leaves the activity- of
much of the cortex in doubt. The figures (Figs. 8 and 12) shoving extirpa-
tion of the middle ectosylvian focus suggest that spread is slowed or in-
complete. In one case (A2-16) a new focus may have been established in the
posterior ectos-ylvian gyrus. The results of both extirpations (A2-16 and
A2-18) suggest that the continuation of activity tovard the periphery of the
area is a cortical rather than subcortical phenomenon, since the spread is
grossly affected by the renovel of central tissue. In other -ords, positive
potentials do not appear at the edge of the extirpated area at the time they
-would ordinarily appear at the same position in the intact cortex.

Extirpation of the anterior focus of activity (E.q. 10) produced little
effect on the spread of negative or positive potentials in the M!G area. It
seems likely that if the failure of spread of positive potential in MI were
due to factors associated -with trauma, removel of the anterior area would
have had more effect. It was noted in this animal that extirpation of the
anterior area was not complete, having omitted a small spot in the anterior
MBG. This apnt apparently acted as a new focus for the anterior activity,
from which spread occurred.

The results of shallow knife cuts into the cortical surface vere investi-
gated (M. 20). In these experiments, radial series of points were exaained
in the intact animal. Cuts into the cortex of varying depths were made and
the series repeated. It was fotnud that cuts of 1 =. depth resulted in an
interrupzion of the positive wave, while the negative component was found
not to be influenced by the section. Such evidence is strorg indication of
neuronal propagation of the transcortical positive wave, inasmuch as e lec-
trotonic conduction should have been influenced very little by such qections.

The neuron chains which are responsible for the spread of these potentials
are not known. The nearly instantaneous appearance of the negative component
over the entire auditory area and its failure of interruption by shallow knife
cutS suggest a distribution from some subcortical source which had a diffuse
cortical projection to the auditory area. The positive component appears to
be a cortical phenomenon. The distances over .tich the wave trav'els from
its epicenter (I .cm.) suggests that it ts not the same as the potential
spread demonstrated by Chiang (4) ,Which was thought to be due to dendritic
conduction in pyramidal cells. These facts could be explainea more completely
by chains cf short neuron cells such as are found in Layer I of the cerebral
cortex. Thp c of -i'r t•_ pagatioii b-1-y shLw knife cuts, lends
substantiation to this hypothesis.

In the past there have been attempts to separate the accustic cortex
into two or more areas m=ost frequently called "pricary" and "secondaB-."
auditory area. These have been separated on the basis, of latency ,(1) and
frequency (10, ll) by differential effects of strychnine. A coari~ n of Z
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the latencies in the middle ectosylvian gyrus and those of the posterior
ectosylvian gyrus with those of Adres in his "primary" and "secondary" audi-
tory areas shows striking similarities. A closer examination shovs, hoveVer,
that instead of two patterns of dissimilar activity in the two areas, there
is a direct continunm of spread of the potential from the one to the other,
though this is, as Ades indicated, unidirectional.

The demonstration that the entire cortical auditory area is activated in
some fashion or to some degree by click stimulation suggests that further
investigation should take into account the pattern of cortical activation,
rather than geographical localization of frequency or amplitude, which does
not satisfactorily explain the subtleties of interpretation of auditory
stimuli.
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Fi;Zue 1: Diagram of auditory cortex of the cat
and tracings of oscillograms taken at indicated
positions. Tracings indicate simultaneous nega-
tive deflection at all points and the inereasing
latency of the positive component at greater dis-
tances from number 1. Increment between points
approximately 1.5 nm.
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igure 2: Sample montage of oscillograms taken
at various points over the auditory cortex of the
cat. Approximately 7 traces were photographed at
each point, one of which is shown. Animal number
A2-11.
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F 2: Maps or auditory cortex off the cat shov-
ing extent and borders or the wavef'ronts at milli-
second intervals following stimulation. Click
stimulatk-ion was used. Stipple is negative; bar
outline is positive wave. Animal A.2-1.
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a MIS 13 4ms
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Figure 4: jjaps of auditory cortex of the cat
shojin.g extent -- borders of the 'wavef~ronts at
miflLise cona intervals followir;g stiz,,:a-t.iol.
click stirm-lation" was used~. Stippl.e is negative;
bar outline is positive wave., Anim~al A2-11.
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FTi e 5;: Maps of auiitcry cortex-of the cat
shov.inG extent and borders of the wavefronts at,
millisecond intervals followircý, stir-ulation.
ClIck stimultion was usee. Stipýple is negati've;
bar outline is positivýe wave. ;ýina1 A2-12.
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MS Ii13 MS

Figure 06: I-aps of auditory cortex of the cat
shov,ýirg extent and bord,'ers of the rave-ronts atmillisecornd int-er-vals follciovt stimulatiorn.
Click stimaulatio-n was -se,'. Stippie is negative;
btýar outline is positive wave. Animal A2-13.
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10 MIS 6 MS

11 uIS

Figue7 Maj~s o-f auditory cortex of týhe oat
shc--t-iextent and borders of' the wavefronts at,
Uillise-cond intervals follor, stiulaion
Click sti~ulation was used. S"'ii;, is neLative;
bar clit-line is positive wa--vc. Ariima1 2-
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6 M~ 12M3

7 M S 13 MS

a SW 14M

9 S / 4 MS

10 IMS( is~ MS

Fi-a1.1a of the extent of spread cf evokei
Pot-entials in. the same aniirl sho'ý,. in Fi=, 7,
following aspfration removal of the entire- cocrt-ex
sho-,r, in black. Ne-ative 1poterntiLls appea~r over
ne-rl-- 41he sae-e axes as beffore; -ccsi--ve spreal
is 1ý---ished*



A2 17I

MS ~12 MS

/ 7

~ 2 Mrsof auditory- cortex of the cat
sho'iing extent and bcrders o~f the wavefrc-mts at
z:llliseccrj-- irter.als foltr -tjralation.
Click szLiz'flaticn 7*zas used. Stipple is negative;
tar ouatline is positIve wavre. Anirzal A2-17.
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Fig-re 10: Map of the extent of spread of evoked
pctent.als n the same animal shom in Fiure 2
follcwir4 aspiration removal of the entire cortex
sho7:m in black.
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) NIS 1 1

eMS) 13MS

0 MS 12 MS

liiiIe l'' Masofadioycotx fth a

shoingex11tepsof auditr ortexs of the cavfrnsat

millisecond intervals following stimulation.
Click stiimulation was usea. Stipple is negative;
bar- outline is positive wave. Animal A2-lS.,
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12 MS
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Figure 12: Map of' the extent of' spread of evoked
potentials in the same animal shown In FiueU
followitig aspiration remo-val of' the entire cortex
shown in black. Comparable experiment 4-0 that
shown in Figures 7 and 8.
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FiQ,~e 13: First off two run~s on the samne animxal.
RMaps off auditory cortex off the cat shovrinG- extent
and-borders of the vavef'ronts et millisecond
int'ervals folloving stimulation. Click stimiula-
tion was used. Stipple Is negativ~e; bar outline
is positive wave. Animal A2-20.
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Figure 11: Second run on the same animal shown in
iRe M. Maps of auditory cortex of the cat

showing extent and borders of the wavefronts at
millisecond intervals following stimulation.
Click stLmualation was used. Stipple is negative;
bar outlLne is positive wave. I.o operative pro-
cedures on the animal between runs; second run
about 45 minutes after the first.

26



A2 - 23
MONOPOLAR

-ci,, ) -i.,,iiijll I 2

7 MS / -- Ji MS

11Ms

" L:

9 MS 13 MS

7-

10 MS Pil "jJ

D e 15: Maps of auditory cortex of the cat
shon-Tin extent and borders of the wavefronts at
millisecond intervals following stimulation.
Click stimulation w*as used. Stipple is negative;
bar outline is positive wave. Animal A2-23. Mono-
polar exploring electrode same as all previous
recordings.
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J MS / "l I• l rll.i,

10 Ms 11.1 ,,

~I .'& e 166: Sam~e animal as shoiwn in Fi~ur
Bipolar recordinj from the cortex, using in-line

electrodes (see text). Bar outlines indicates
activity of either sign, not positivea
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MONOP OkAR

rsM S )oM
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Fioure 17: MV1aps of aud~itory cortex of the cat
showing extent and. borders of the wavefronts at
millisecond intervals following stimulation.
Click stimulation was used. Stipple is negative;
bar outline is positive wave. Animal A2-25.
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Figure 18: Same animal showm in Fiure 17.
Bipolar-recording from the cortex, usirnZ con-
centric electrode. Bar outline indicates
activity Of either sign not positive only.
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MILLISECONDS LATENCY OF PEAK
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Fi l•_: Graph showing the overall relation-
ships oil the onsets of positive potentials to
their peak time in terms of milliseconds latency
after stimulation of the end organ.
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Fiur 20: Diagram anad oscillogrm tracings
showing the eff'ect of a 1 •n. deep transcortical
knife cut on the progress of the positive wave.
Left: osci2Jlogram.s taken at indicated points before
•.ie cut, •j: Oscillo•rams takern at the sane

positions after the cut between points 3 an 4.
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